Radial Electric Field Control by Electron Injection in CHS by S. Kitajima et al.
§32: Radial Electric Field Control by Electron 
Injection in CHS 
Kitajima, S., Sasao, M., Hashizume, H., Takahashi, H., 
Tanaka, Y. (Dept. Eng. Tohoku Univ.) 
Okamura, S., Iguchi, H., Fujisawa, A., Suzuki, T., 
Isobe, M., Yokoyama, M., Nishiura, M. 
The electron injection into a plasma by a biased 
hot cathode made of LaB, was able to trigger an 
improved confinement mode in Tohoku University 
Heliac (TU-Heliac) I'. In this experiment the negative 
bias voltage was applied against to a vacuum vessel. 
The electrode induced a strong negative radial 
electric field, a radial electric field shear and a 
poloidal plasma rotation. After the formation of the 
electric field, the line density increased by a factor of 
2 - 3, the potential and density fluctuation levels 
were suppressed, the normalized impurity light 
emission (Ha) decreased and the energy confinement 
time increased by a factor of 2 2} These phenomena 
mentioned above show the same characteristics as 
those of H-mode in large tokamaks and stellarators. 
The bifurcation phenomenon, a negative resistance 
feature in the electrode characteristics that 
accompanied with an L-H transition, was also 
observed. Further the ion viscous damping force was 
estimated from the J x B driving force for the 
poloidal rotation and the effect of the local maxima 
on the ion viscosity was investigated. The measured 
damping forces had a local maximum and agreed 
well with the neoclassical prediction. The plasma 
showed the negative resistance characteristics in the 
region where the neoclassical ion viscous damping 
force had a local maximum J) However, in the 
operation condition on TU-Heliac the collisionality 
is comparatively high (plateau regime) and the 
friction of neutral particles affects the poloidal 
damping force. Therefore it is important to perform 
this biasing experiments mentioned above in lower 
collisionality region in the confmement system that 
has sophisticated diagnostic systems, abilities to 
produce low collisional plasmas and changeability of 
the location of a magnetic axis. The purposes of our 
electrode biasing experiments in CHS were, (I) to 
study the characteristics of biased plasmas, (2) to 
study the feasibility of active control of the driving 
force for the poloidal rotation by electron injection, 
(3) to estimate the ion viscous damping force from 
the driving force for the poloidal rotation, and (4) to 
perform a comparison between the measured ion 
viscosity and the neoclassical predictions in the low 
collisional regime. 
After the surveying the database for planning an 
electrode for CHS we designed the hot cathode 
system 38' mm in diameter and 2397.6 mm in total 
length as shown in Fig. I. The part of a cathode is 
made of LaB6 (emission current, 30 A, diameter, 10 
mm; length, 17 mm) with a coaxial feeder to avoid a 
magnetic stress. This hot cathode and the driving 
system were already accomplished and were 
installed horizontally to CHS. The evacuation test 
was already cleared. We designed and finished the 
fabrication of the current control power supply (30 A, 
800 V) for the hot cathode. 
We conclude that the most suitable target for 
biasing is the plasma (T - 50 eV, n - 1012 cm -J at B-
0.5 T) produced by the ion Bernstein wave. 
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Fig. I The hot cathode system 38 mm in diameter and 2397.6 mm in total length. 
The part of a cathode is made of LaB (emission current 30 A diameter 10 mm' 
6 "" length, 17 mm) with a coaxial feeder. 
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